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Abstract
The purpose of this study was to investigate the functional outcomes of clients who
received post-acute rehabilitation services following a Traumatic Brain Injury (TBI) in an
effort to identify predictors affecting outcome. An archival database was used to study
three different outcome measure ratings over two and or three consecutive time periods.
There were 105 participants, 82 male, 23 female, 87 residential and 18 outpatient, who
were 19-78 years of age. A multivariate analysis of variance (MANOVA) was conducted
within subjects to identify changes across time. No significant changes were found. A
between subjects MANOVA was conducted to study relationships between preexisting
characteristics prior to injury, injury characteristics, placement and gender with outcome
measures. A significant relationship was found between the type of placement and
outcome measures of ability and participation (F = 2.18, p = < .01), suggesting the
appropriate placement of persons with TBI given the greater level of impairment
experienced. Outpatient participants were found to have more adjustment problems than
those in residential care, suggesting a different experience of mood symptoms and
adjustment issues. A significant relationship was found between the DRS 8
(Employability) item and age at admission, (F = 4.28, p = < .01) suggesting that those in
the age group 29 – 38 years are deemed to have greater employability. In conclusion,
although there were no significant findings for other preexisting characteristics,
longitudinal studies are needed to evaluate the outcome measures and possible predictors
of outcome.
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Rehabilitation Outcomes after Brain Injury: Identifying Predictors throughout the
Post-acute Rehabilitation Process
Introduction and Literature Review
The manifestations of brain injury are protean, their consequences unpredictable
and formidable. In the United States alone, an estimated 5.3 million people live with a
permanent brain injury (BI) related disability (CDC, 2004). The consequences can
permanently and severely disrupt individuals, families, and communities. Yet many of
the consequential cognitive, behavioral, emotional and social disabilities resulting from
brain injury are not visible; the inconspicuous nature of these deficits has given rise to the
expression that brain injury is an invisible or silent epidemic (CDC, 2004; National Head
Injury Foundation (NHIF), 1995). While our understanding of brain functions has grown
exponentially with greater technical advancement, in many ways it remains inchoate.
What is certain, however, is that the subject matter of the brain has both fascinated and
puzzled philosophers and scientists for many centuries.
In 3000 BC, the Egyptians recorded the effects of a traumatic brain injury (TBI)
on motor speech (Fisher, 1985). For more than two thousand years, our knowledge of
how brain and behavior are intricately intertwined has grown to reveal a fundamental
complexity that is partly explicable and partly enigmatic. History reveals that the brain
has long been understood as the location of mental processes (Kolb & Whishaw, 1996).
Many of the details of brain function are understood, yet fundamentally this
understanding remains limited (Lezak, Howieson & Loring, 2004; Gualtieri, 2002).
Injury to any part of the brain can result in a complex interweaving of physical,
cognitive, behavioral, emotional and social factors that impacts upon functioning
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(Bowen, Tennant, Neumann & Chamberlain, 1999; Anonymous, 1999; Kay, 1992;
Kreutzer, Leininger, Sherron & Groah, 1989). The results of brain injury can range from
mild disturbance to the catastrophic. TBI has been described as a “cascade of damaging
biochemical events” (Doppenberg, Choi & Bullock, 2004). Compared to most other
disabling conditions, TBI is often more pervasive (DePompei, Frye, DuFore & Hunt,
2001).
While there are the fortunate who recover from mild brain injury with no
functional impairment, there remain the majority whose lives will never be the same
again; whose sequelae are unique in their composition. Yet there is a recognizable
commonality in the behavioral, cognitive, emotional and social manifestations resulting
from brain injury.
For many, there will be permanent physical changes such as paralysis or seizures.
For many, the ability to make decisions, plan or organize is altered. Some will lack the
initiative to drive the decision making process, others will act with impulsivity, to their
detriment as well as to the despair of their friends and family. Possibly, the ability to
communicate, to find words, express words, to comprehend, is altered; mood regulation
becomes a thing of the past, from sudden tears to laughter; from anxiety to complete
disregard of consequences; from euphoria to deep depression. Memories are lost; new
memories can be hard to form; concentration and learning can be severely challenged.
Behaviors of the past may become exaggerated or lost. Addiction problems may be hard
to control or may emerge; personalities may change.
Depending on the type of injury, that which we take for granted, the ability to
make sense of the world, ourselves and others, the ability to participate, be productive, to
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contribute as before, has changed for ever. Adjusting to the consequences of brain injury
involves focusing on learning to function again, to develop systems or strategies to
compensate for deficits, to rehabilitate to an optimal level of stability and safety, to
reintegrate back into family, community and society.
It is generally agreed upon that the desired goal of rehabilitation following brain
injury is community reintegration and participation, and although pre-morbid levels of
functioning may not be resumed, social participation that accommodates functional
impairments is a desired outcome (Cicerone, 2004). Effective rehabilitation demands an
understanding of predictable outcomes. Thus, factors that predict community
participation and reintegration are critical to successful rehabilitation (Winkler,
Unsworth, & Sloan, 2006). Without empirical outcome measures, effective services
cannot be planned and provided and optimal rehabilitation cannot be offered (Winkler et
al, 2006; Bilbao, Kennedy, Chatterji, Űstün, Vasquez Barquero, & Barth, 2003).
Without outcome measures, the burden of brain injury for the individual and his or her
family, for the community, and for state and federal resources, remains both immense and
insurmountable.
Functional outcome following brain injury remains the difference between
independence and dependence. The components of community reintegration include
assimilation, social support, occupation and independent living (Winkler et al, 2006).
Functional outcome is composed of a complexity of variables, some understood, some
unknown. Predicting functional outcome is not just dependent on an understanding of the
nature and extent of the injury; it is also dependent on premorbid characteristics and
experiences and the rehabilitation services available, affordable and received.
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By gauging the degree of change through taking and studying outcome measures,
providers of rehabilitation services can track changes, modify treatment plans and assess
if expectations are being met. It is important therefore, to define what an outcome
measure of function is, how it is taken and by whom, when it is taken and what purpose it
serves. However, firstly, it is important to define brain injury and its consequences on the
different domains of function in order to situate functional outcome.
Traumatic Brain Injury
Traumatic brain injury (TBI) can result from several causes, hereditary,
congenital, and degenerative, or by an event that is caused after birth. An extensive
literature review has found inconsistency in the terms used to describe brain injury.
Terms range from traumatic brain injury (TBI), to acquired brain injury (ABI) and head
injury (HI).
TBI is defined by the Brain Injury Association of America (BIAA, 2001) as “an
insult to the brain, not of degenerative or congenital nature caused by an external physical
force that may produce a diminished or altered state of consciousness, which results in an
impairment of cognitive abilities or physical functioning. It can also result in the
disturbance of behavioral or emotional functioning”. The BIAA defines acquired brain
injury (ABI) as “an injury to the brain which is not hereditary, congenital or degenerative
that has occurred after birth. (Includes anoxia, aneurysm, infections to the brain and
stroke.)” (BIAA, 2001).
This study will use the term TBI to refer to brain injury as described in the clinical
case definition used by the CDC, (2004), for craniocerebral trauma which is inclusive of
ABI and TBI:
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1. An occurrence of injury to the head that is documented in a medical record,
with one or more of the following conditions attributed to head injury:
i. Observed or self-reported decreased level of consciousness
ii. Amnesia
iii. Skull fracture
iv. Objective neurological or neuropsychological abnormality or
diagnosed intracranial lesion
TBI is, therefore, an impairment of brain functioning that is physically or psychologically
verifiable.
Epidemiology of Brain Injury
A report to Congress on TBI in the United States reported that TBI is the leading
cause of death and disability among children and young adults in the United States (CDC,
2004). Each year, an estimated 1.5 to 2 million Americans sustain a TBI with
considerable consequence (National Institute for Health, 1999). There are 52,000 deaths
from TBI, which accounts for a third of all injury deaths (National Institute of Health,
1999). Concussions and other forms of mild brain injury account for 1.1 million of the
1.5 million. Annually, 230,000 people are hospitalized and survive. There are 80,000 to
90,000 people who experience a substantial loss of functioning and the onset of long-term
or lifelong disability associated with a TBI (CDC, 2004). This means a little more than
2% of the population are currently living with disabilities as a result of brain injury
(CDC, 2004; BIAA, 2001).
TBI is of major public health significance. The prevalence estimates ranging from
2.5 million to 6.5 million individuals who are currently living with TBI sequelae are
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possibly underestimations, according to the National Institute for Health (NIH) (NIH,
1999). According to the NIH (1999), the CDC information is based on hospitalizations
and those who die prior to hospitalization; the figures do not go beyond these incidences.
They do not include people with “mild” TBI who are seen in emergency departments or
outpatient encounters, nor those who do not receive medical care (CDC, 2004; NIH,
1999).
The annual economic burden of TBI in the United States has been estimated at
$56.3 billion in 1995 dollars (CDC, 2004). The effects are not just with the individual.
Impairment from TBI has profound effects on social and family relationships (NIH,
1999). Human costs in terms of the long-term impairments and disabilities associated
with TBI, the profound disruption on family life, the loss of income, the loss of earning
potential and the cost of life-time care are incalculable (CDC, 2004; Turner Stokes &
Wade, 2004; NIH, 1999; BIAA, 2001). A person‟s ability to maximize their daily life
experience is permanently altered when sustaining a TBI with the resulting consequences
of cognitive, emotional, sensory, and motor impairments.
TBI is heterogeneous; males are more than twice as likely to experience TBI as
females (NIH, 1999). The principle causes of TBI are motor vehicle, bicycle, or
pedestrian-vehicle incidents which account for 50% (CDC, 2004; NIH, 1999). Falls are
the second most frequent cause, especially amongst the elderly and the very young (CDC,
2004; NIH, 1999). Violence related incidents account for about 20% of TBI‟s with the
highest firearm incidence amongst people aged 15 to 24 years. Assault in the very young
is a major cause of TBI with 75% of TBI‟s resulting from unintentional injuries (NIH,
1999). Sports injuries account for approximately 3% of TBI‟s; however, approximately
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90% of sports-related TBI‟s are mild and go unreported (NIH, 1999). Alcohol, either in
the person causing or in the person with the injury, is reported to be associated with half
of all TBI‟s (Gualtieri, 2002).
Acquired brain injury includes cerebral vascular accidents or stroke, and for those
who survive, they add to the prevalence of those with long term brain injury sequelae. Of
the two thirds of people who survive stroke, 50% of those are estimated to have
neurological deficits (National Stroke Association, 2006). Stroke is the third leading
cause of death in the United States (CDC, 2006). There are estimated to be 700,000
incidents of stroke every year (CDC, 2005). In 1998 alone, Medicare spent $3.6 billion
on stroke survivors post-hospitalization (CDC, 2005).
Physiology of Brain Injury
Historically philosophers, scientists, physicians, and artists wondered and
experimented about the link between the brain and behavior. It was not until the early
20th century when the devastating wounds inflicted on the soldiers in the First World War
created an enormous demand for neurorehabilitation (Lezak et al, 2004; Wilson, 2002).
The most common cause of brain injury then was as a result of bullets or shrapnel
penetrating the skull and brain. Throughout the 1930‟s and 1940‟s, brain injury was
considered a unitary phenomenon of organicity (Lezak et al, 2004).
Today, TBI can be broadly classified as either penetrating or closed; the deciding
factor is whether or not the skull is penetrated (Snyder & Nussbaum, 1998). A definition
of penetrating head injury (PHI) requires that the skull has been either crushed or
penetrated by a foreign object either intentionally or accidentally (Lezak et al, 2004). The
penetrating object can be embedded or cause a “through and through” injury producing
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an entry and exit wound (Lezak et al, 2004). The majority are caused by missile injuries,
typically bullets.
The primary effect of a PHI is the destruction of the integrity of the skull and
brain tissue at the site of entry and the subsequent path the object takes through the brain.
There can be intracranial bleeding and focal laceration; there can be swelling of the brain,
ischemia or loss of blood flow to the damaged area, infection and sometimes post
traumatic epilepsy. The relatively circumscribed nature of the injury permits a degree of
predictability of outcome in terms of expected damage subject to other individual factors
(Lezak et al, 2004).
Closed head injury (CHI) is often called a blunt head injury or non-penetrating
injury. It has become the most serious neurological disorder in the United States (Fisher,
1985). Technically, the skull remains intact. In CHI, the combination of translational
forces and rotational acceleration stretches and puts strain on the fine nerve fibers and
blood vessels within the brain. This is referred to as diffuse axonal shearing and produces
microscopic lesions throughout the brain as neuronal fibers are torn, stretched,
disconnected, and generally disrupted (Cancelliere, 1988). Diffuse axonal injuries are
believed to occur in at least 25% of those with TBI (Doppenberg et al, 2004) and are a
common product of motor vehicle accidents.
The secondary physiological effects of a CHI can be as destructive as the primary
impact‟s immediate damage (Lezak et al, 2004). Cerebral vascular accidents or stroke
also occur at this cellular level and their consequences can be similarly physiologically
described. The loss of blood flow or interrupted blood flow, ischemia, deprives the brain
cells of oxygen and the metabolic needs of the tissues are not met. This can result in
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significant damage or cell death. Edema or swelling can be focal or diffused throughout
the brain. Increased intracranial pressure can result in hydrocephalus or an increased
amount of fluid in the ventricles causing dilatation. This swelling can also cause the brain
to be herniated or cut on the bony edges of the skull (Cancelliere, 1988). Hemorrhages or
intracerebral bleeding in a CHI can result in hematoma or blood clots within the brain.
Hypoxia or lack of oxygen to the brain, like ischemia, deprives the brain cells of essential
oxygen. Post traumatic epilepsy is a further secondary effect.
Consequences of Brain Injury
As discussed, the physiological effects of TBI are considerable and pervasive.
The resulting neurological consequences are complex and rarely clearly delineated (NIH,
1999). The complete account of physical and psychological disabilities that can follow
the physiological changes of TBI is beyond description here; any sensory, motor and
automatic function may be affected and compromised. There is no one global description,
however, there are themes (Eslinger & Oliveri, 2002). Physical consequences are many
and varied; some of the principle ones are: seizures, muscle rigidity, paralysis, double
vision, low vision, blindness, restlessness, agitation, loss of smell or taste, speech
impairments, headaches, fatigue, and balance problems.
It is recognized that for many of those with TBI, it is not the physical effects that
are the most disabling in terms of functioning, it is the cognitive, behavioral, emotional
and social effects that are the most persistent and disabling (Lezak, et al, 2004; Brooks,
Campsie, Symington, Beattie & McKinley, 1987). Among the most salient and
sometimes permanent sequelae of TBI are cognitive changes (Benton, 1979). Cognitive
consequences vary greatly and are dependent on the changes experienced (Sohlberg &
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Mateer, 2001). Cognitive changes are influenced and determined by multiple factors,
including size, duration, location and type of lesion.
Cognition is generally thought of as thinking skills. Cicerone et al (2000) defined
it as the “process of knowing” (Cicerone et al, 2000). As an integrated system, it consists
of various functions within different performance fields: attention, memory and learning,
thinking or mental organization, affect and expression, language and executive functions
(Carney, Chestnut, Maynard, Mann, et al, 1999). Attention deficits involve difficulty with
distractibility, processing and mentally manipulating presenting information or stimuli,
attending to information that is presented simultaneously and difficulty shifting mental
set. Attention deficits typically are the most common sequelae for those with mild TBI
with complaints of lack of concentration, disorientation and confusion. Slowed speed of
information processing affects verbal retrieval.
Although complaints of memory problems are often related to attention and not
memory, memory function can be impaired significantly. Memory deficits are typically
observed in difficulties with new learning, specifically with acquisition and retrieval, and
retaining information. Long-term memory is usually either restored or remains intact
(Sohlberg & Mateer, 2001).
Executive functions, commonly related primarily to frontal lobe structures, impact
functions such as planning, organization, sequencing, problem solving, initiation,
impulsivity, self awareness, self-monitoring and self-regulation of mood, and emotional
reactions. Often self-awareness is present for the impact on physical functioning but not
on the emotional or social functioning and in particular how behavior might have
changed (Sherer, Bergloff, Levin, High, et al, 1998).
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Emotional distress and fatigue are commonly experienced following TBI. Apart
from the emotional dysregulation that may result from damage to different structures in
the brain, for many, the experience of previous automaticity being reduced to effortful
and often impaired functioning can cause depression, anxiety, fatigue and irritability
(Lezak et al, 2004). Social isolation is common as a result of social dysfunction (Lezak et
al, 2004). Dawson and Chipman (1995) studying a census population rather than a
sample of convenience, found that 27% of individuals with TBI never socialized with
friends or family and almost 20% reported never visiting family or friends.
Communication was also reported as rare with 47% reporting that they never talked on
the telephone (Dawson & Chipman, 1995).
Behavioral problems commonly persist with moderate to severe TBI (Lezak et al,
2004; Fisher, 1985). Behavior changes typically can be socially unwanted behaviors that
include both verbal and non verbal behaviors. Some typical behavioral changes are:
emotional lability, impaired judgment, impulsivity, elopement, tension or anxiety,
depression, irritability, hypersexuality or hyposexuality, dependency, silliness or
euphoria, aggressivity, apathy, childishness, disinhibition, and decreased frustration
tolerance. They can adversely affect relationships, rehabilitation and community
reintegration (Yody, Schaub, Conway, Peters, Strauss, & Helsinger, 2000).
The most common residual impairments in the post-acute stage of recovery are
cognitive and neurobehavioral deficits. It is the complexity of these neurobehavioral
sequelae that make the most significant contribution to long-term outcome and that
produce the greatest disruption to quality of life (Khan, Baguley, & Cameron, 2003;
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Sherer, Madison & Hannay, 2000), affecting emotional adjustment and participation in
the community.
Rehabilitation Levels of Care
In recent years, survival from TBI with impairments has increased significantly
and this is attributed to faster and better medical management. As a result of this greater
survival there has been a burgeoning of neuropsychological rehabilitation programs.
Compare barely 60 programs in the 1980‟s to over 600 programs by the early1990‟s
(Ben-Yishay & Diller, 1993). With the growth of managed care, outcome measures have
become an essential survival tool for rehabilitation programs (Hicks, 1997; Morrison,
1997).
Standards of practice to ensure quality control and professional services are set by
the Commission for Accreditation of Rehabilitation Facilities (CARF) which requires
outcome data (The Rehabilitation Accreditation Commission, 2004; Ben-Yishay &
Diller, 1993; DiDonato & Schaffer, 1993). The Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) also requires outcome data (Harris, 1997).
There are four critical elements that will determine the recovery and outcome of a
brain injury and these can be used as predictors (Gualtieri, 2002; Sherer, et al, 2000;
Hosack & Rocchio, 1995). Firstly, the location and extent of gross brain damage, which
will be determined by brain imaging techniques. Secondly, the extent of diffuse
microscopic brain damage inferred from the duration of loss of consciousness (LOC) or
coma, and the existence and severity of post traumatic amnesia (PTA), confusion and
post concussive symptoms as well as time since injury. Thirdly, the patient‟s premorbid
level of functioning and status, including age, psychiatric history, personality, substance
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abuse history, vocational and educational history, are determinants of outcome (Mateo,
2003; Sherer et al, 2000; Wehman, Targett, Yasuda & Brown, 2000). Fourthly, the nature
and extent of therapeutic efforts and rehabilitation will also be part of the determination
of outcome.
Therefore, in terms of effectiveness, a rehabilitation program‟s outcomes are not
only dependent on the provision and providers of that service; it is also influenced by
premorbid factors, level of employment, education, substance abuse and personality
(Vanderploeg, Curtiss, Duchnik & Luis, 2003; Durgin, 2000; Kreutzer et al, 1989).
Diagnosis alone is insufficient to predict outcomes in brain injury (Bilbao, et al, 2003).
Knowledge and understanding of the level of functioning and disability are obligatory
(WHO, 2004). In order to plan and track changes, outcome measures of functioning are
also important as individuals enter rehabilitation at different levels of functioning (Harris,
1997).
Rehabilitation is an active, dynamic process which involves not just the disabled
person, but also their family (See Appendix H for criteria of rehabilitation care settings).
Unlike medical or surgical interventions, rehabilitation goes beyond the physical nature
of the disease and has to deal with the psychological consequences of TBI and the social
ramifications. It requires the active partnership of a multidisciplinary team (Barnes,
1999).
Compared to natural recovery following brain injury, research has shown that
there is increasing evidence of the efficacy of a comprehensive multidisciplinary
rehabilitation team (Turner-Stokes & Wade, 2004; Powell, Heslin & Greenwood, 2002;
Barnes, 1999). Research has also shown a relationship between the length of stay in a
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rehabilitation program. Increased length of stay and intensity of program results in higher
costs but better outcomes (Ashley, Schultz, Bryan, Krych & Hays, 1997).
Literature has typically focused on the first six months following injury, with
functional improvement believed to be primarily occurring within the first year (Bell &
Tallman, 1995). In addition, early rehabilitation intervention is associated with greater
gains in neuropsychological functioning, interpersonal skills, and emotional status
(Fisher, 1985).
However, research has found that functional gains can be made on successive
rehabilitation participation and for many years post-injury (Bell & Tallman, 1995). That
significant recovery does not take place after the first year is a myth (Hammond, Hart,
Bushnik, Corrigan, & Sasser, 2004). Research has also shown that for persons with a
severe TBI, as much as 5 to 10 years of rehabilitation may be required (NHIF, 1995;
Burleigh, Farber & Gillard, 1997). In a study evaluating vocational outcomes in
individuals with TBI, it was found that length of time since injury and the level of
impairment and or disability best predicted vocational outcome (Malec, Buffington,
Moessner & Degiorgio, 2001).
Research has shown that only half of those with a moderate TBI will return to
school, work and independent living within one year of injury (NHIF, 1995; Burleigh,
Farber & Gillard, 1997). Estimates of adult unemployment after TBI vary between 70%
and 80% (Malec, Buffington, Moessner & Thompson, 1995). It has been estimated that
up to 66% of individuals with a moderate TBI are not able to return to their employment
or an employment that is unstructured or unpredictable due to attention, memory and or
executive functioning problems (LeBlanc, Hayden & Paulman, 2000; Prigatano, 1999;
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Ben Yishay et al, 1993). In addition, of those that do return to work, it has been reported
that within 90 days, 75% will loss employment, half of these through resignation and
half through termination (Johnstone, Schopp, Harper, & Koscuilek, 1999).
Studies have also found that there is a relationship between poor productivity
outcomes after TBI and low preinjury education levels and poor preinjury productivity
histories (Sherer, et al, 2003). Self awareness, although associated with positive
behavioral changes, was found to be insufficient in and of itself as a condition for
employment (Malec, & Moessner, 2000). However, the level of self-awareness was
found to be a possible important indicator of the level of functional outcome (Lustig,
Strausser, Weems, Donnel & Smith, 2003). Sherer et al‟s (1998) results indicated a
positive relationship between accurate self-awareness of functioning after TBI and
favorable long-term employment outcome.
There are three basic approaches to rehabilitation (Barnes, 1999). Firstly, the aim
is to reduce disability; secondly, approaches are designed to enable the disabled person to
acquire new skills and strategies that will reduce the impact of their disability; and
thirdly, altering the environment, both social and physical, is needed to ensure that the
disability carries as little handicap as possible. Goal setting is a critical part of
rehabilitation. However, unless one uses outcome measures to accurately assess whether
or not goals have been met or changes effected, planning and progress remain imprecise.
Outcome statistics show that 81% of hospital patients admitted with TBI will be
either discharged home or to the community. Statistics also show that 70% of those
patients with moderate to severe coma (at least one month duration) will also eventually
be able to return to community living (Bell & Tallman, 1995). An injury severity
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assessment is primarily based on the injured person‟s diagnostic evaluation and
neurological findings.
Outcome Measures of Severity of Injury
TBI can range from a very minor bump on the head to a prolonged coma or
persistent vegetative state. Recovery is idiosyncratic. In the past two decades research has
typically focused primarily on the length and nature of the recovery process (Schatz,
Hillary, Moelter & Chute, 2002). An outcome is “a measured result of a health care
process, system or episode of care” (Schiller, 1998). A caveat of outcome measures is
that there is no one single outcome measure that can satisfactorily or convincingly
establish a full range of outcomes (Schiller, 1998).
Severity of injury, regardless of the nature of the lesion, is considered to be the
greatest indicator of outcome (Lezak et al, 2004; Sohlberg & Mateer, 2001).It has also
been established that the presence or absence of coma is a basic prognostic variable. One
of the most commonly used measures of severity, for both treatment purposes and
outcome prediction, is the 15 point Glasgow Coma Scale (GCS) designed by Teasdale
and Jennett (1974) (Lezak et al, 2004). As one of the most frequently used measures of
severity of TBI, it is frequently included in medical notes and can be determined and
recorded at multiple times for a patient.
Three areas of exhibited behavior are assessed: eye opening, motor response, and
verbal response (See Appendix A). A score is assigned to each response to stimuli in each
dimension. A GCS range of 3-8 is considered severe, 9-12 is moderate, and a score of 1315 is mild (see Table 4). The GCS is a simple to use measure, especially in emergency
rooms and allows an evaluation of consciousness. It is widely accepted as a standard
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measure when consciousness is compromised and has been shown to have predictive
qualities (see Table 5), (Lezak, et al, 2004).
However, some caution is necessary, as some of its inherent problems are that the
level of consciousness may fluctuate; at the time of admission, a patient might have been
intubated or sedated. A patient might also be under the influence of other substances
and/or alcohol. It has also been noted that eye opening may not be observable if there is
considerable facial contusion and thus swelling (Lezak et al, 2004). The GCS is too crude
an instrument to use in rehabilitation settings as an active monitor of progress.
Assessing the severity of the injury by length of post-traumatic amnesia (PTA) is
an alternative to the GCS and correlates well with it (Lezak et al, 2004). The advantage of
using PTA as a measure of severity and outcome is that it typically lasts four times longer
than coma. There are drawbacks, however, in definition. Deciding when PTA ends,
especially with aphasic patients is not straightforward; PTA does not end when the
patient begins to remember but when registration is continuous. Although it offers less
sensitivity and is therefore not so useful for research (Brooks, et al, 1987), measures of
PTA have been found to be more accurate predictors of cognitive status two years postinjury (Brooks, Aughton., Bond., Jones, & Rizvi, 1980), and more predictive than the
GSC at one year post-injury (van der Naalt, van Zomeren, Sluiter & Minderhoud, 1999).
A functioning scale that was developed to track the various stages of TBI is the
Rancho Los Amigos Levels of Functioning Scale (see Appendix B). The Ranchos Scale
was designed to help with planning and measure outcome and treatment effects. There
are eight different levels of functioning that cover observable behaviors. Sohlberg and
Mateer (2001) report that the Ranchos Scale gives broad levels of outcome but lacks
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sensitivity to discriminate outcomes in more detail. As such, the Ranchos Scale is useful
as a broad measure providing a general indication of outcome (Lezak, et al, 2004).
The Functional Independence Measure (FIM) is another commonly used scale. It
is reliable and valid, however, its disadvantage in the rehabilitation setting is that it is
very physically oriented (Barnes, 1999) and designed for a medical setting (Deutsch,
Braun & Granger, 1997). It fails to capture psychosocial domains (Mermis, 2005), has
also been found to be insensitive to change in the rehabilitation setting and to have
ceiling effects when used with the TBI population (Bundick, 2001; Deutsch et al, 1997).
Measuring outcomes in a post acute rehabilitation setting is particularly challenging.
Outcome Measures and Outcome Predictors of Functioning
Outcome research has been described as trying to answer two questions. Firstly,
which strategies are health-improving while adhering to cost constraints and secondly,
what sort of information do practitioners need so that patient health can be improved
(Robertson & Colborn, 1997). The argument for this approach is that it benefits patient‟s
payers and practitioners as it makes for a more client-centered practice.
Outcome measures describe relationships between health care providers and
patient functioning. The focus of treatment in the 20th century shifted from acute illness
to the management of chronic illness and disability (Tate & Nieuwenhuijsen, 2002). For
mental health services, the 1990‟s have been described as the decade of outcomes as they
have been required to demonstrate utility and quality control (Ogles, Lambert & Fields,
2002).They have come to serve many purposes in addition to helping us understand the
nature and extent of neurological recovery (Heinemann, 2000).
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Along with the burgeoning of rehabilitation facilities, outcome measures have
become a factor in quality control and accountability, they provide data for research into
efficacy, effectiveness and prediction (Dobrzykowski, 1997; Harris, 1997). They provide
a pretreatment baseline, allowing benchmarking, and the use of a common language
(Mateo, 2003; Osborn, 1998).
The choice of which outcome measure to be used is driven by several criteria:
clinical relevance; unambiguous definition; satisfactory inter-rater reliability; and
sensitivity to change (Clifton, Hayes, Levin, Michel, & Choi 1992). The latter item is
critical in rehabilitation settings, sensitivity to change has to be meaningful as recovery
slows or plateaus (Hall, Bushnik, Lakisic, Wright & Cantagallo, 2001). Research has
shown that the steepest curve of recovery is during the first three months after injury
(Barnes, 1999) and functional improvement primarily in the first year after the injury
(Bell & Tallman, 1995). However, recovery can continue for many years after this
(Anonymous, 1999; CDC, 2004; Powell, et al, 2002; BIAA, 2001).
Many of the fundamental principles of current measures of outcome are based on
two sources: the health care reform movement in the United States; and the World Health
Organizations (WHO) taxonomy of outcome after illness (Bilbao, et al, 2003; Powell,
Beckers & Greenwood 1998; Robertson & Colborn, 1997). Functional management has
become the goal. Health care reform addresses costs, quality and access of health care
delivery and its effectiveness (Tate & Nieuwenhuijsen, 2002; Harris, 1997).
The WHO International Classification of Disease (ICD) evaluated health care
needs on diagnosis. This in and of itself was deemed insufficient to measure the
consequences of health. The WHO, therefore, has provided a standard language and
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meaningful conceptual framework in which to place functioning, disability, and health
(WHO, 2002). This conceptual framework is contained within the multipurpose
International Classification of Functioning, Disability and Health-2 (ICIDH-2).
The classification of disablement covers three dimensions: (1) impairment: loss or
abnormality of body structures or functions as a result of injury; (2) activities (previously
known as disability), the ability to perform an activity within a range that is considered
normal for a human being; and (3) participation in society (previously known as
handicap), this is the fulfillment of a role that is considered to be normal for someone of
that age, gender, and culture. Its primary purpose is as “a planning and policy tool for
decision makers” (WHO, 2002) and assists with outcome assessment (Malec, Moessner,
Kragness & Lezak, 2000).
There are many different outcome measures available and this can be problematic.
Some of them use global measures, for example, return to work, others use intermediate
measures, for example, improved memory. Outcome measures of functional ability can
be differentiated as either unidimensional or multidimensional (Boake & High, 1996).
The WHO model proposed that any specific indicator of functional outcome can be
classified either as a disability or as a handicap. A disability by their definition is a
restriction or lack of ability to perform a goal-oriented activity, an example of this could
be competitive employment. A handicap by their definition means a disadvantage in
fulfilling a societal role, an example could be unemployment.
Unidimensional models of outcome measurement of functioning assume that
functioning can be represented under a single unifying dimension and that a single score
will reflect this. The Disability Rating Scale (DRS) and the Supervision Rating Scale
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(SRS) are both examples of unidimensional outcome measures that measure outcome as a
combination of the three dimensions of disablement as defined by the WHO. The DRS
and SRS also give relatively greater weight to physical outcomes rather than vocational
or social outcomes (Boake & High, 1996).
However, the DRS is reported to have predictive validity in determining need for
supervision and return to work. That said, there remain questions about the DRS‟s lack of
sensitivity to functional changes (Hammond, Grattan, Sasser, & Corrigan, 2001). It is
also considered to be limited at the two extremes with floor and ceiling effects
(Hammond, et al, 2004).
Both the DRS and the SRS are seen as suitable primary outcome measures for a
global level of functioning (Clifton, et al, 1992).The DRS is an instrument that was
developed to quantify an individual‟s progress with TBI from the time of injury through
rehabilitation. It has also been found to be useful in confirming clinically observed
improvements in the first year after injury (Hammond et al, 2001). Hammond et al (2004)
reported that in their study using the DRS employability measure from year 1-5 post
injury, 17% of individuals improved, 79% remained the same and 5% worsened.
Hammond et al‟s (2004) study also revealed significant differences in premorbid
education levels and premorbid alcohol-abuse history.
Multidimensional models of outcome measurement of functioning assume that
functional outcome cannot be measured on a single dimension (Boake & High, 1996;
Bohac, Malec & Moessner, 1997). The Mayo Portland Adaptability Inventory – 4
(MPAI-4) is an example of a multidimensional measure that has been found to be of
greater clinical utility in specific patient assessment both before and after rehabilitation
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(Bohac, Malec & Moessner, 1997). The MPAI-4 has also tried to capture some of the
behavioral sequelae, for example disinhibition and self-awareness and social
competencies that are not so easily classified by the WHO nosology (Malec, et al, 2001).
One of the major problems in TBI outcomes and effectiveness research has been
uncertainty about what outcome measure to use, as hundreds have been developed and
used. Barnes (1999) criticized a large number of outcome studies in that they failed to
address pre-injury function. Amongst those preinjury functions, premorbid competence
and general physical status both influence outcome (Lezak et al, 2004; Fowler, date
unknown).
Self-Awareness has also been linked to outcome as a strong predictor to response
to rehabilitation and functional outcome. (Lezak, et al, 2004; Mateo, 2003; Sohlberg &
Mateer, 2001; Cancelliere, 1988). An inability to fully appreciate the extent and impact of
impairment and weaknesses on both themselves and others is a common finding in
individuals with TBI.
Outcome Measures used in this Study
Three particular measures of outcome are of interest: the Disability Rating Scale
(DRS); The Supervision Rating Scale (SRS); and the Mayo Portland Adaptability
Inventory-4 (MPAI-4). Each of these rating scales, their instructions and background
information, is available to copy and use by free download on the web site
(www.tbims.org/combi) for the Center for Outcome Measurement in Brain Injury
(COMBI) which is sponsored by the National Institute of Disability and Rehabilitation
Research (NIDRR) through its TBI Model System Program. All of the outcome measures
can be rated by professionals. Research has found that patients self-rating frequently

Brain injury 23
underreport deficits (Brooks, et al, 1987). The outcome measures will be further
described in a later section.
Statement of Purpose and Hypotheses
Re-engaging the brain injured person back into the community is the direct focus
of community based programs. That there is a need for such programs is being
increasingly recognized (Powell, Heslin & Greenwood, 2002). Research has shown that
patients who participate in community programs with a structured multidisciplinary
approach to rehabilitation show significant gains of independence and practical
functioning over those who are only provided with information (Powell, Heslin &
Greenwood, 2002).
The purpose of this study is to determine if there are predictors that are indicative
of rehabilitation outcomes. More specifically, the study aims to determine if there is
change in outcome measures over time and if there are preinjury indicators that impact
rehabilitation outcome either positively or negatively. In addition the study will identify
if cause, type of injury, age at injury and length of time since injury to receiving postacute rehabilitation or the presence of coma are predictive factors in outcome.
Research Questions
1) Are there changes in outcome measures across time in a post acute rehabilitation
setting?
Ho: There is no change in the mean scores of any of the variables on the three
selected outcome measures compared across three consecutive time periods.
H1: There is a difference in the mean scores on the variables of the three selected
outcome measures compared across three consecutive time periods.
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2) Is there a relationship between preinjury characteristics including a history of drug
and alcohol and or learning disability and or previous head injury and preinjury
fulltime or part time employment and outcome measures?
H0: There is no relationship between preinjury characteristics including a history
of drug and alcohol and or learning disability and or previous head injury and
preinjury fulltime or part time employment and outcome measures.
H1: There is a relationship between preinjury characteristics including a history of
drug and alcohol and or learning disability and or previous head injury and
preinjury fulltime or part time employment and outcome measures.
3) Is there a relationship between the nature of the injury, that is, cause of injury, type
of injury, presence of coma, and age at injury, and outcome measures?
H0: There is no relationship between the nature of the injury, that is, cause of
injury, type of injury, presence of coma, and age at injury, and outcome measures.
H1: There is a relationship between the nature of the injury, that is, cause of
injury, type of injury, presence of coma, and age at injury, and outcome measures.
4) Is there a relationship between placement, either residential or outpatient, and the
level of participation as indicated on the outcome measures?
H0: There is no relationship between placement, either residential or outpatient,
and participation as measured on the outcome measures.
H1: There is a relationship between placement, either residential or outpatient,
and participation as measured on the outcome measures.
5) Is there a relationship between the age at admission to post acute rehabilitation and
outcome measures?
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H0: There is no relationship between the age at admission to post acute
rehabilitation and outcome measures.
H1: There is a relationship between the age at admission to post acute
rehabilitation and outcome measures.
6) Is there a relationship between gender and outcome measures?
H0: There is no relationship between gender and outcome measures.
H1: There is a relationship between gender and outcome measures.
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Method
Participants
Criteria for Inclusion in the Study
Data were collected for 105 participants with TBI from ReMed‟s archival
database. Participants were eligible for inclusion if they met the following criteria:
1. Eighteen years or older at the time of their entry into the rehabilitation program.
2. A history of traumatic brain injury as defined by the Centers for Disease Control
and Prevention (CDC). The CDC defines traumatic brain injury as “a nondegenerative injury to the brain that has occurred since birth. It can be caused by
an external physical force or by metabolic derangement. The term „traumatic
brain injury' includes traumatic brain injuries-such as open or closed head
injuries, or non-traumatic brain injuries such as those caused by strokes and other
vascular incidents, tumors, infectious diseases, hypoxia, metabolic disorders (e.g.,
liver and kidney diseases or diabetic coma), and toxic products taken into the
body through inhalation or ingestion” (CDC, 2004).
3. A residential or outpatient client participating in one of the ReMed Recovery
Services as listing in Table 1.
4. Outcome measure records for the Disability Rating Scale (DRS); the Supervision
Rating Scale (SRS); and the Mayo Portland Adaptability Inventory-4 (MPAI-4).
Outcome measures for at least two and or three consecutive time periods during
the archival period June 2004 to June 2005.
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Table 1
Residential and Outpatient Programs offered by ReMed
Type of Service
Residential Services

Transitional living and supported living
Short and long-term neurobehavioral rehabilitation
Long-term supported living (community and medically
based)

Outpatient Services

Day treatment
Home based therapies and treatment
Adult day services
Single therapies and evaluations
Post-concussion treatment

Criteria for Exclusion in the Study
ReMed provided data for 142 clients which included demographic information as
outlined below and outcome measures on the three rating scales being used from their
archival database in the form of an Excel spreadsheet. On examination 37 participants
were excluded as the data did not meet the inclusion criteria either because demographic
detail was missing or outcome measurement scores were only available for one of the
three time periods.
Characteristics of the Participant Population
The 105 participants were comprised of 82 males (78%) and 23 females (22%)
with a mean age at injury of 30.1 (age range at injury 0-63). The time since onset of the
brain injury ranged from O years to 24 years with a mean of 6 years post injury. Of the
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participants, 28% were admitted less than one year post injury; the remaining 62% were
more than 1 year post-injury. The sample had a mean age at admission of 35.5 years (age
at admission range 19 – 67). Seventeen percent of the sample were outpatients, 83% were
residential clients. At the time of injury, 68% of the participants were in full time
employment, 8% were working part time and the employment status was unknown for
24% of the participants.
A history of a previous TBI was noted for 4% of the participants, 97% did not
have a prior history of head injury, and for 4% the information was unknown. Learning
disability prior to TBI was experienced by 15% of the participants, 88% had no history of
learning disability, this information was unknown for 5% of the sample. A history of drug
and or alcohol abuse prior to TBI was noted for 44% of the participants, 57% did not
have a history and for 4% of the participants, there was no information about prior drug
and or alcohol abuse.
All the participants had experienced a traumatic brain injury, 60% had been
involved in a motor vehicle accident, either as a driver, passenger or pedestrian, for 20%,
the TBI was from a fall, 10% from an industrial accident, 6% from an assault, 1% from
anoxia and 3% from other causes. The types of TBI experienced by the participants were
as follows, 88% closed head injuries, 8% open head injuries, 1% from anoxia, 1% from
disease, and 2% were other types of injury Incidence of coma was 65% of participants
with 35% not having experienced coma. Demographic data is summarized in Tables 2, 3
and 4.
The outcome measures on the SRS, DRS and MPAI-4 at ReMed were taken on
admission and discharge and or at six monthly intervals. The scores used in this study
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were for the most part from current clients of ReMed, many of them long standing and
therefore the measures were not reflective of admission or discharge. Complete and
usable data were obtained for two consecutive time periods for 105 of the participants. Of
those 105 participants, 80 of them had data for three consecutive time periods during
June 2004 to June 2005.
Table 2
Demographic Data for Included Participants (N=105)
Demographic

Mean (SD)

Range

Age at Injury

30.08 (14.25)

0 - 63

Age at Admission

35.46 (10.97)

19 - 67

Years Post Injury at Admission

6.0 (6.05)

0 - 24

Frequency

Percent (Rounded)

Male

82

78%

Female

23

22%

87

83%

Gender

Placement:
Residential

Outpatient
18
17%
________________________________________________________________________
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Table 3
Injury Details for Participants (N=105)
Detail

Frequency

Percentage (Rounded)

Incidence of Coma
Yes

68

65%

No

37

35%

Motor Vehicle Accident (MVA)

63

60%

Fall

21

20%

Industrial Accident

11

10%

Assault

6

6%

Disease

1

1%

Other

3

3%

Closed

82

88%

Open

8

8%

Anoxia

1

1%

Disease

1

1%

Other

3

2%

Cause of Injury

Type of Injury

________________________________________________________________
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Table 4
Preinjury Demographic Data for Included Participants (N=105)
Demographic

Frequency

Percent (Rounded)

Full Time

72

69%

Part Time

8

8%

Unknown

25

23%

Yes

4

4%

No

97

92%

Unknown

4

4%

Yes

44

42%

No

57

55%

Unknown

4

3%

Yes

15

14%

No

88

81%

Unknown

5

5%

Employment at Time of Injury

Preinjury History of:
Head Injury

Drug and/or Alcohol

Learning Disability

__________________________________________________________

_____
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Design
A between subjects design was used to study the relationships in changes in participants
scores over either two and or three consecutive time periods. A within subject design was
used to study relationships between participants functioning as indicated by their
outcome measure ratings and pre existing characteristics and injury details.
Setting and Apparatus
All data used in this study was from an archival database on an Excel spreadsheet
which was imported into SPSS. All data was collected on admission of the participant to
ReMed and at six monthly intervals or discharge thereafter.
Independent Variables
The independent variables were the two and or three time periods when outcome
measures were taken.
Measures
Three outcome measures were used in this study, the Supervision Rating Scale
(SRS), the Disability Rating Scale (DRS), and the Mayo Portland Adaptability Inventory4 (MPAI-4).
The Supervision Rating Scale (See Appendix A)
As a direct measure of determining a global level of independence or level of
supervision required by an individual, the SRS is a single ordinal 13 option item scale.
The range is from “independent” (1) to “physical restraints needed” (13). It can also, if
desired, be ranked into five categories; independent, overnight supervision, part-time
supervision, full-time indirect supervision, and full-time direct supervision. The ratings
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are made by a clinician and are not based on what an individual is judged to need but by
the level of supervision actually observed and received.
Disability Rating Scale (See Appendix B)
Developed and tested on adolescents and adults with moderate to severe traumatic
brain injury in inpatient rehabilitation settings, the DRS measures across a wide span of
recovery and can accurately track functional changes from coma to community. It was
designed to reflect the three WHO dimensions of disability.
It consists of eight subscales which measure different aspects of outcome,
especially early recovery: level of consciousness; independence in cognitive aspects of
self-care activities of daily living; and independence in living situation and employability.
The range of scores is 0-29 with zero being no disability and 29 being extreme vegetative
state. A score of 30 indicates death. There is no specific manual to accompany the DRS,
however, there are specific, detailed rating criteria provided. Administration time is 15
minutes. It has an interrater reliability of r=.98 (Shah & Muncer, 2003; Zhang et al,
2002).
The Mayo Portland Adaptability Inventory-4 (See Appendix C)
Primarily designed to assist in clinical evaluation during the post-acute
rehabilitation period following acquired brain injury, the Mayo Portland Adaptability
Inventory (MPAI-4) also assists in rehabilitation program evaluation. It is specifically
designed to capture items that are the most frequent sequelae of TBI and that are
considered to be important for clinical interventions and rehabilitation planning. The
aspects of TBI that it captures include the physical, cognitive, behavioral and social
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problems and it follows the WHO nosology. In addition, it also provides assessment of
features in the social and physical environment of individuals with TBI.
This is the fourth edition of the MPAI the original being based on the Portland
Adaptability Inventory developed by Lezak (Malec, et al, 2003; Bohac, Malec &
Moessner, 1997). It has been found to have strong concurrent validity with the DRS
(Spearman rs = 0.81) (Bohac, Malec & Moessner, 1997). It is a four page form that
contains brief instructions for completing the ratings for each of the 29 items. There are
three subscales: the 12 item Ability Index; the 12 item Adjustment Index; and the 8 item
Participation Index (see Appendix D).
There is a fourth section to the MPAI-4 comprising of 6 additional items which
record pre-existing and associated conditions. The MPAI-4 identifies these items as items
that “do not contribute to the total score but are used to identify special needs and
circumstances” (Lezak & Malec, 2003). All items are rated on a five item Likert scale;
the range is from 0-4.
The MPAI-4 is designed to be completed by professional staff, people with TBI
and their significant others. A manual is available. Scoring and interpretation is done by a
trained and experienced professional with knowledge of psychometrics as well as tests
and measurements. This person is available to the clinical team to lead the clinical
evaluation and rating if required. The reliability of completion by these various rater
groups has been established (Malec, 2003).
Procedures
The Chief Executive Officer of ReMed Recovery Services was contacted
to request permission to use data from the archival client database. Written permission
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was given. The investigator was provided with a copy of the data from the ReMed
archival database on an Excel spreadsheet. It was confirmed that each participant had a
signed informed consent permitting the use of any data collected to be determined by
ReMed. Subsequently each participant was given an identifying number to ensure
anonymity. Identifying information such as name or social security number was not
recorded on any of the data for examination. The data were then imported into the SPSS
computer analysis program.
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Results
Initial analysis
The objective of this study was to determine if there were identifiable predictors
of rehabilitation progress in a post acute rehabilitation setting from preexisting and or
injury characteristics among individuals with TBI. To examine if there were changes
across time, a within subject (N=80) Multivariate Analysis of Variance (MANOVA) was
conducted using the SRS outcome measures, the DRS total outcome measures (Items 18) and the MPAI-4 subscales (Ability, Adjustment and Participation) outcome measures
for three consecutive time periods.
Analyses of potential relationships between placement, gender, age at injury, age
at admission, pre-injury employment status, preinjury history of head injury, learning
disability, drug and or alcohol abuse, cause of injury, and type of injury characteristics
and the Supervision Rating Scale (SRS), the Disability Rating Scale items 7 and 8 (DRS7
and DRS8), and the Mayo Portland Adaptability Inventory-4 (MPAI-4) outcome
measurement subscales, Abilities, Adjustment and Participation, were conducted by
running Correlations and a between subjects (N=105) Multivariate Analysis of Variance
(MANOVA).
Intercorrelation Studies
All analyses were conducted using SPSS Version 11.0 statistical software for
Windows (SPSS, Inc., 2001). Correlation studies were run on each of the three rating
scales to determine the risk of multicollinearity (see Table 5). The DRS is an eight item
scale. Examination of items in the DRS revealed the following information. On item one,
Eye Opening, is the difference between an obeying state and non-responsiveness. All
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scores were zero therefore it was decided to eliminate this score. Scoring on this item
would preclude admission to the post acute rehabilitation setting. Items 2 – 6,
(Communication Ability, Motor Response, Feeding, Toileting, and Grooming), were
equally eliminated from the analysis as they were deemed to be subsumed in item 7,
(Level of Function: Physical and Cognitive). Items 7 and 8 (Employability) were
moderately correlated (r = .317; p = <.01) and were deemed to be acceptable for analysis.
Table 5
Intercorrelation of the Six Outcome Measures used in Analyses

__

Scale

SRS

DRS7

DRS8

Abilities

Adjustment

Participation

SRS

----

.793**

.204*

.552**

.448**

.729**

DRS7

.793**

----

.317**

.570**

.476**

.724**

DRS8

.204*

.317**

----

.420**

.296**

.285**

Abilities

.552** .570**

.420**

----

.474**

.567**

Adjustment

.448**

.476**

.296**

.474**

----

.563**

Participation

.729**

.724**

.285**

.567**

.563**

----

_______________________________________________________________________
**
**

Correlation is significant at the 0.01 level (2 tailed)
Correlation is significant at the 0.05 level (2 tailed)

The SRS gives a total score. The MPAI-4 gives three subscales of outcome
measures and a fourth section which identifies pre existing factors. As demographic
information already existed in the data base that was consistent with the aim of this study,
the MPAI-4 fourth section was not used in the analysis. Therefore, to examine
relationships between pre existing characteristics and outcome measures the analyses
comprised of: the demographics listed in the SRS total score, the DRS, items 7 and 8, and
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the three subscales from the MPAI-4, Abilities, Adjustment and Participation. In
addition, the SRS total score, the DRS total score and the Abilities, Adjustment and
Participation scores were compared across the three time periods to establish if there
were changes across time.
The SRS was highly correlated (significant at the 0.01 level; 2 tailed) with all
three ratings obtained with the three subscales of the MPAI-4 and was moderately
correlated (significant at the 0.05 level, 2 tailed) with the DRS. The DRS and the three
MPAI-4 subscales were all highly correlated (significant at the 0.01 level, 2 tailed)
demonstrating that there is consistency but not redundancy.
To maximally distinguish the groups for analysis, the General Linear Model
program of SPSS was used to provide a multivariate F based on the linear combination of
the dependent variables. A Multivariate Analysis of Variance (MANOVA) was produced.
The MANOVA was conducted to examine the relationship between, placement,
gender, age at injury, age at admission, pre-injury employment status, preinjury history of
head injury, learning disability, drug and or alcohol abuse, cause of injury, and type of
injury and the rating scores on the SRS, the DRS7 and DRS8 and the MPAI-4, Abilities,
Adjustment and Participation subscales on at least two time periods and where available
on three time periods.
Changes across time
A within subject (N=80) Multivariate Analysis of Variance (MANOVA) was
completed using the Supervision Rating Scale (SRS) outcome measures, the Disability
Rating Scale (DRS) total outcome measures (Items 1-8) and the Mayo Portland
Adaptability Inventory – 4 (MPAI-4) subscales (Ability, Adjustment and Participation)
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outcome measures from three consecutive time periods to determine if there were
differences in participants‟ levels of functioning across the two and or three consecutive
time periods. The repeated measures taken across time did not determine significant
changes or quadratic effects between the three consecutive time periods (see Table 6 and
7) and therefore did not support the hypothesis that there would be a difference in the
mean scores of the outcome variables across time.
Table 6
Changes across Time SRS and DRS (Means, Standard Deviations and Quadratic Effects
Outcome Measure

Mean (SD)

SRS
Time 1

6.85 (2.37)

Time 2

6.83 (2.37)

Time 3

6.88 (2.37)

DRS
Time 1

6.96 (3.10)

Time 2

7.26 (3.16)

Time 3

6.95 (2.93)

F

p

.067

.797

3.40

.049

________________________________________________________________________
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Table 7
Changes across Time MPAI-4, Subscales (Means, Standard Deviations and Quadratic
Effects)
Outcome Measure

Mean (SD)

F

p

.526

.471

.098

.755

.067

.797

MPAI-4 Subscale
Abilites
Time 1

21.93 (7.13)

Time 2

22.12 (7.07)

Time 3

22.74 (6.57)

Adjustment
Time 1

28.12 (6.10)

Time 2

28.29 (6.04)

Time 3

29.70 (5.10)

Participation
Time 1

22.70 (4.71)

Time 2

22.74 (4.87)

Time 3

22.64 (5.22)

_______________________________________________________________________
Preinjury Characteristics
Preinjury History of Drug and or Alcohol Abuse
A Multivariate Analysis of Variance failed to find significant differences in mean
outcome measure scores based on preinjury history of drug and or alcohol abuse and
therefore did not support the hypothesis that there would be a relationship between this
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preinjury characteristic and outcome measures. This is not suggestive of lack of
differences between individuals with TBI who have had a history prior to injury of drug
and or alcohol abuse, rather that there are no differences in this data set (see Table 8). Of
the participants in the data set, 55% (57) had no preinjury history of drug and or alcohol
abuse, 42% (44) had a preinjury history of drug and or alcohol abuse.
Preinjury History of Prior Head Injury
A multivariate Analysis of Variance failed to find significant differences in mean
outcome measure scores based on prior head injury and therefore did not support the
hypothesis that there would be a relationship between this preinjury characteristic and
outcome scores. This is not suggestive of lack of differences between individuals with
TBI who have sustained more than one head injury, rather that there are no differences in
this data set (see Table 8). A large majority of participants, 92% (97), had no prior history
of other head injury, therefore it is suggested that there was too great a disparity of
numbers to find possible differences.
Preinjury History of Learning Disability
A multivariate Analysis of Variance failed to find significant differences in mean
outcome measure scores based on gender and therefore did not support the hypothesis
that there would be a relationship between this preinjury characteristic and outcome
scores. This is not suggestive of lack of differences between individuals with TBI who
have a history of learning disability, rather that there are no differences in this data set
(see Table 8). The greater majority of participants, 81% (88), had no prior history of
learning disability, therefore it is suggested that there was too great a disparity of
numbers to find possible differences.

Brain injury 42
Employment Status Prior to TBI
A Multivariate Analysis of Variance was conducted to determine if there were
differences in a participants outcome measures if they had been in full time or part time
employment prior to injury was not significant (Wilks‟ Lambda F =.663, p = .872) and
therefore did not support the hypothesis that there would be a relationship between this
preinjury characteristic and outcome scores. This is not suggestive of lack of differences
between individuals with TBI who have a history of full time or part time employment
prior to injury, rather that there are no differences in this data set (see Table 8). However,
caution is exercised in interpreting this result because preinjury employment status was
not known for 24% of the sample (68.3% full time, 7.7% part time).
Table 8
Multivariate Test Results: Preinjury Variables of Prediction
Variable

Wilks‟ Lambda

p

Drug and or alcohol

.971

.478

Head Injury

.593

.830

Learning Disability

.644

.787

Employment status

.663

.872

___________________________________________________________________
Nature of Injury
Age at Injury
A multivariate Analysis of Variance failed to find significant differences in mean
outcome measure scores based on age at injury (Wilks‟ Lambda F =.798, p = .725) and
therefore did not support the hypothesis that there would be a relationship between this
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aspect of the nature of injury and outcome scores. This is not suggestive of lack of
differences dependent on the age of injury for individuals with TBI, rather that there are
no differences in this data set (see Table 9). The sample comprised of 40% (42)
participants injury before the age of 21, 29% (30) injured between the ages of 21 and 35
and 31% injured after the age of 35 years.
Cause of Injury
A multivariate Analysis of Variance failed to find significant differences in mean
outcome measure scores based on cause of injury (Wilks‟ Lambda F =.1.01, p = .471)
and therefore did not support the hypothesis that there would be a relationship between
this aspect of the nature of injury and outcome scores. This is not suggestive of lack of
differences between the types of injury individuals with TBI sustained, rather that there
are no differences in this data set (see Table 9). The majority of the sample (60%, (62)
participants) were injured in a Motor Vehicle Accident, 20% (21) in a fall, 10% (11) in an
industrial accident, 6% (6) by assault, 1% (1) by disease, and 3% (3) sustained a TBI
from other causes.
Table 9
Multivariate Test Results: Injury Characteristic Variables of Prediction
Variable

Wilks‟ Lambda

p

Age at Injury

.798

.725

Cause of Injury

1.01

.471

Type of Injury

.993

.488

Coma

.741

.697

___________________________________________________________________
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Type of Injury
A multivariate Analysis of Variance failed to find significant differences in mean
outcome measure scores based on cause of injury (Wilks‟ Lambda F =.993, p = .488) and
therefore did not support the hypothesis that there would be a relationship between this
aspect of the nature of injury and outcome scores. This is not suggestive of lack of
differences between the types of injury individuals with TBI sustained, rather that there
are no differences in this data set (see Table 9). The greater majority of the sample (88%,
(82) participants) had a closed head injury, 8% (8) had an open head injury, 1% (1)
anoxic injury, 1% (1) by disease, and 2% (3) had other types of injury .
Presence of Coma
A multivariate Analysis of Variance failed to find significant differences in mean
outcome measure scores based on whether or not coma was experienced (Wilks‟ Lambda
F =.741, p = .697) and therefore did not support the hypothesis that there would be a
relationship between this aspect of the nature of injury and outcome scores. This is not
suggestive of lack of differences between individuals with TBI who experienced coma or
no coma, rather that there are no differences in this data set (see Table 9). Examining the
incidence of coma in this data set, 65% (68) of participants who sustained coma, and 35%
(37) did not sustain coma.
Placement
A Multivariate Analysis of Variance (MANOVA) was conducted to determine if
there was a difference in mean outcome scores on a linear combination of residence
between those participants in a residential setting compared to those who were
outpatients. A significant difference was found Wilks‟ Lambda = .793a, F (101, 92) =
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2.18, p = .022 multivariate η2 = .45. Examination of the between subjects effects revealed
significant relationships between placement and outcome measure scores on the SRS,
DRS total score, DRS 7 and participation subscale of the MPAI-4 (see table 10).
Table 10
Relationships between Outcome Measures and Type of Placement
Outcome measure

F

R2

Effect Size(√R2)

SRS

14.03

.000**

0.35

DRS total

8.07

.005**

0.27

DRS 7

4.06

.047*

0.19

Participation

6.11

.015**

0.22

________________________________________________________________________
**
**

Correlation is significant at the 0.01 level (2 tailed)
Correlation is significant at the 0.05 level (2 tailed)

These results did support the hypothesis that there is a relationship between the
type of placement and outcome measures. Examination of the coefficients for the linear
combinations distinguishing placement groups indicated that the participants who are
residential have higher mean scores on the SRS, DRS 7 (Level of Physical and Cognitive
Functioning), Abilities, and Participation subscales of the MPAI-4 (see table 11).
These results suggest that the participants living in a residential setting have
greater cognitive and physical impairment than those participants who are receiving
rehabilitation services as outpatients. In contrast, those participants who are outpatients
have higher means on the Adjustment subscale of the MPAI-4. This result suggests that
outpatients have more difficulty with adjustment than those in residential care. On the
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DRS 8 (Employability) there was no difference between the mean scores of participants
in residential or outpatient placement (Mop = 2.22, SD .75 Mres = 2.22, SD .57).
Table 11
Comparing Means and Standard Deviations between Types of Placement
Residential

Outpatient

Mean(SD)

Mean (SD)

SRS

6.92 (2.50)

4.50 (2.45)

DRS 7

2.93 (1.02)

2.42 (.75)

DRS 8

2.22 (.57)

2.22 (.75)

Abilities

22.30 (7.80)

20.45 (6.00)

Adjustment

27.95 (6.15)

28.22 (8.30)

Participation

22.57 (5.27)

19.17 (5.52)

________________________________________________________________________
Although these are significant results, the effect sizes are modest. In addition,
examination of these placement results needs to be considered within the context of the
numbers of participants in each of the groups. There is considerable disparity between the
numbers with there being almost five times greater numbers of residential participants to
outpatients (88% (86) residential participants, 17% (18) outpatients).
Age at Admission
A Multivariate Analysis of Variance was conducted in order to determine if there
were differences in mean outcome measure scores based on age at admission. There was
a significant univariate result for the DRS 8 (Employability) item, F = 4.28, p = < .01,
(see Table 12), therefore the hypothesis that there would be a relationship between age at
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injury and outcome measure scores was supported. These results suggest that those in the
age group 29 – 38 years are deemed to have greater employability than those in the 39
and over age group and that both of these age groups are deemed to have greater
employability than those in the 18 – 28 age group.
Table 12
Comparing Means and Standard Deviations between Age at Admission

DRS 8

Age 18 - 28

Age 29 – 38

Age 39 and Over

Mean(SD)

Mean (SD)

Mean (SD)

2.43 (.57)

2.04 (.53)

2.15 (.63)

________________________________________________________________________
Gender
A multivariate Analysis of Variance failed to find significant differences in mean
outcome measure scores based on gender (Wilks‟ Lambda F =.148, p = .151), therefore
the hypothesis that there would be a relationship between gender and outcome measure
scores was not supported. This is not suggestive of lack of differences between male and
female individuals with TBI, rather that there are no differences in this data set (see Table
13). It is also noted that the sample comprised of a majority of male participants (78%
(81) males and 22% (23) females).
Table 13
Multivariate Test Results: Gender as a Variable of Prediction
Variable

Wilks‟ Lambda

p

Gender

1.48

.151

_______________________________________________________________________
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Discussion
Summary and Integration of findings
The objective of this study was to determine if there were certain variables that
might predict the outcome of post acute rehabilitation for individuals who had sustained a
brain injury. The desired goal following TBI is community reintegration and participation
(Cicerone, 2004) and functional outcome will determine the level of independence or
dependence. Tracking changes in functioning affords providers of rehabilitation services,
the ability to individualize treatment plans as well as assess effectiveness of treatment.
Defining functional outcome is complex (Lezak, 2002) the absolute components of which
are not completely known. What is understood is that some of the components are
premorbid characteristics and experience at the time of injury (Gualtieri, 2002; Sherer, et
al, 2000; Hosack & Rocchio, 1995).
It was, therefore, hypothesized that there would be some variables from not only
preexisting conditions, but also from injury characteristics and placement that would be
related to differences in outcomes. Specifically the first hypothesis was that there would
be a change in outcome scores across time. This hypothesis was not supported. This
finding suggests several possibilities that may have implications for planning, support
and rehabilitation services for persons with TBI; however, it is important to consider
certain conditions of the sample examined.
Outcome scores at ReMed are collected on admission and or at six monthly
intervals or discharge. The majority of the participants have been ReMed clients for many
years. Therefore many of the outcome measures were not admission scores, per se, but
six monthly scores. As there were no changes, this could suggest several findings. It
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could be argued that treatment is ineffective and produces no qualitative or quantitative
change in recovery. If this were to be the case, treatment should either be changed or
stopped. Alternatively, given that for many of these participants, treatment has been
ongoing for a considerable time no significant change may represent encouraging
findings in that the clients are maintaining functioning and not deteriorating through
effective treatment.
Another alternative is that the outcome measures themselves are in some way not
capturing the changes in functioning. In terms of recovery from TBI, the steepest curve of
recovery is in the first three months then up to two years (Barnes, 1999). Few Studies
exist on intervention after the acute stage although rehabilitation has been found to be
needed for up to ten years (Burleigh, et al, 1997). Of the participants, more than 62%
were admitted more than one year after injury with the mean number of years post injury
being 6 years. Therefore, recovery is at a slower pace, often with plateaus, and measures
need to be sensitive enough to capture this subtlety.
No one measure of functioning provides a complete picture of rehabilitation
(Mermis, 2005) The SRS and DRS outcome measures focus more on the physical aspects
of TBI and therefore, would be less likely to demonstrate significant changes as it is the
cognitive and intellectual sequelae that take much longer to recover. However, the MPAI4 is, as a specifically multidimensional measure, believed to be more sensitive to these
aspects of TBI impairment.
Subsequent hypotheses predicted relationships between pre existing conditions as
well as specific injury details and outcome measure scores. Significant differences were
only found in two variables in this study. Specifically, between participants who were in
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residential care and those who were receiving treatment as outpatients, those who were
residential care had significantly greater physical and cognitive impairments than
outpatients. This could be interpreted to be a validation of them meeting criteria for
residential care.
Although the physical effects of TBI are disabling in terms of functioning,
cognitive, behavioral and emotional and social effects are persistent and disabling
(Lezak, et al, 2004; Brooks, et al 1987). It is recognized that the cognitive and
neurobehavioral deficits contribute to the greatest disruption to quality if life and
emotional adjustment (Khan et al, 2003; Sherer et al, 2000). This helps frame a
significant finding that outpatient participants were reported as experiencing greater
adjustment difficulties than residential clients.
Adjustment as measured on the MPAI-4 adjustment subscale considers mood
symptoms as well as social relationships and self awareness. Very often individuals with
TBI have good self-awareness of physical limitations, but not for emotional or social
changes (Sherer, et al, 1998). Therefore outpatients with less cognitive impairment are
more likely to have greater awareness of their emotional and social functioning and
experience greater mood symptoms, thus finding adjustment more difficult.
It is possible, moreover, that for those participants in residential care, being
observed more closely by professional staff affords them a constant assessment of mood
changes and that these may be addressed more quickly. In addition, it is likely that any
mood stabilizers are administered and taken more consistently. Loneliness and social
isolation are factors that individuals with TBI frequently experience and often result in
social dysfunction (Lezak, et all 2005; Dawson & Chipman, 1995). Being in a residential
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setting, therefore not only affords greater social contact, but also individuals find
themselves among those who have similar sequelae and experiences, and this may help
normalize and aid adjustment. In addition, there is the constant presence of staff to help
facilitate and encourage social participation.
Although the findings were significant for the type of placement, caution is
needed in interpreting the results given the disparity between the participant numbers
with residential participants being almost five times great in number than outpatient
participants. Also, the effect sizes were very modest and while they may well be
statistically significant, in terms of functional value, the difference may be marginal.
An interesting finding was that there was no significant difference in
employability rating between residential participants and outpatients. In examining the
scores, the average rating was a 2.0 rating meaning employable in a sheltered workshop
or noncompetitive. It is important to consider that the most common residual impairments
in post acute recovery are cognitive and neurobehavioral deficits and it is these which
would affect return to work (Khan, et al (2003). Therefore, for this particular sample, it
may well be that this rating is indicative of the impairment level experienced by these
individuals regardless of placement setting. It has been estimated that up to 60% of
individuals with moderate TBI are unable to return to work because of enduring
impairments (Prigatano, 1999; Ben Yishay, et al, 1993).
A further caveat to interpreting the employability rating in this sample is the
exclusion in the data set of clients who are specifically referred for vocational
rehabilitation, for example outpatients referred by the Office of Vocational
Rehabilitation. It should also be noted that although it is hoped that every care is given to
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ensure interrater reliability in scoring outcome measures, this may be an area of concern
that needs to be addressed to rule out any problems.
There was no support for the hypothesis that a preinjury history of drug and or
alcohol abuse, prior head injury or a history of learning disability were related to outcome
measures. As previously stated this is not to say that these variables are not related to
outcome. Hammond (2004) did find significant differences in preinjury alcohol abuse;
however, she also found that there were few meaningful changes on the DRS items from
year 1-5 in her sample.
There was also no support for the hypothesis that the nature of the injury,
including cause, type or presence of coma and age at injury, was related to outcome
measures. The variables in these two hypotheses were possibly too general to form a
significant relationship. Breaking down the variables into more specific categories might
be advantageous. For example, the presence of coma is believed to be a good prognostic
indicator (Lezak, et al, 2004), however, information about duration was not known.
Moreover, location and severity of injury were not known. In addition, to more detailed
information regarding coma, this sample lacked information about the presence and
duration of post-traumatic amnesia, which has been found to be a more accurate predictor
of cognitive status later in recovery (Brooks, et al, 1980).Combining knowledge of these
with neuropsychological findings may possibly provide significant findings.
In addition, as stated in the results section, the frequency of participants in some
of the variable groups was disparate and possibly affected findings, specifically, 92% of
the sample had no prior head injury, and 81% had no history of learning disability.
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Although there were limited significant findings, it is worth comparing other sample
characteristics with the general population as they demonstrate similarity.
For example, it is known that males are more than twice as likely to experience
TBI as females (NIH, 1999). In this sample there were approximately three times more
males than females (78% male, 22% female). In addition the principal cause of TBI is a
Motor Vehicle Accident (MVA) which accounts for at least 50% of all TBI incidents
(CDC, 2004). In this sample 60% of the TBI‟s were from an MVA. The second most
frequent cause is falls; again the sample demonstrated this (20%). Alcohol either in the
person causing or in the person with the injury is reported to be associated with
approximately half of all TBI (Gualtieri, 2002). In the sample 44% of the participants had
a reported pre existing problem with alcohol and or drugs.
Although no significant difference was found between the preexisting variables
and injury characteristics, or placement and employability, it was found on another
variable. There was a significant relationship between age at admission and
employability, specifically in one age group, those aged between 29 and 38 were deemed
to have greater employability. It would have been helpful to have had a significant result
on the level of employability preinjury to help interpret this further. However, no
significant results were found to support the variable of full-time or part-time work
influencing outcomes. Therefore, before interpreting this relationship it is suggested that
further research be undertaken to determine other factors that might influence this
relationship, such as severity of injury, premorbid characteristics of intelligence and a
more detailed work history.
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The last hypothesis examined was the relationship between gender and outcome
measures. No significant difference was found. Other than males being twice as likely to
experience TBI there has been no research to examine differences in gender and TBI,
however, it was deemed worthy of examination.
Implications of the Findings
This research has identified that the rationale for residential placement is
substantiated by the participants in that setting demonstrating greater physical and
cognitive difficulties than those in outpatient settings. Other than a relationship between
age at admission and employability, there were no significant findings to indicate
predictors of rehabilitation outcome in the post acute rehabilitation setting. However, the
analyses did afford several points of interest, these being, observations about outcome
measures in general, comparisons of the characteristics of the sample with what is
generally known about those with TBI, and suggestions for further research.
There are many outcome measures available. One of the difficulties in using
outcome measures to identify changes is that there are no outcome measures used
consistently in the post acute rehabilitation setting. In addition, research to date has
focused more on outcomes in acute settings and on the first year post injury.
Previous literature has indicated the different limitations of the DRS and the SRS
as broad measures in post acute settings. The SRS gives the level of supervision required
and the DRS not only has floor and ceiling effects, if focuses more on physical aspects of
recovery and is a more reliable measure in acute settings. The MAPI-4 was developed to
try to capture more of the physical, cognitive and affective sequelae of TBI as well as
measuring participation. However, it is a relatively recent outcome measure and there is
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little research published with which to compare these findings (Malec, 2006). It may well
be that the measure is not sensitive enough to pick up qualitative changes, given that by
the time an individual is in post acute rehabilitation, although progress can be expected, it
is going to be more subtle and at a slower rate than initial recovery. In addition, the
benefits of rehabilitation are modest, this being a reflection not only of cognitive and
behavioral challenges, but also of funding and accessibility to services (van der Broek,
2005).
The goal of rehabilitation is to help the individual with TBI reintegrate back into
the family, community and society. Identifying predictors that might enable or hinder the
rehabilitation process services enables providers to track changes, modify treatment plans
and assess if expectations are being met. Thus the client is well served and the facility is
able to examine if treatment is effective and meet accreditation requirements.
Limitations of the Study
Internal and external validity issues and measurement issues limit the utility and
generalizability of these findings. Internal threats include interrater reliability. In
addition, there is some overlap between the outcome measures used. Although there is
reliability between the measures, there is inconsistency of measures used and little
research to date in the post acute setting. The sample was also limited in that it included
only residential clients and those with a comprehensive day program, excluding those
clients referred by the Office of Vocational Rehabilitation as the latter are not measured
on the three outcome measures used.
A threat to external validity limiting generalizability of the study is that the
sample used was primarily made up of participants who have been in post acute
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rehabilitation for some considerable time. In addition, it was not possible with the
demographic information available to identify ethnicity. Nor was it possible to establish
severity of injury. The MPAI-4 raw scores can be converted into T scores to provide
comparisons. However, as acknowledged by Malec (2006), the levels of severity that
have been assigned to T scores are arbitrary and a work in progress. For that reason they
were not used in this study. A modified scoring system is being considered and
developed at this time for use in the post acute setting to address the subtlety of change
(Malec, 2006).
The MPAI-4 has three rating forms, one that can be completed by professionals,
as used in this study, one that can be completed by the client, and one that can be
completed by a family member or close friend. It has been found that self-rating differs
significantly from professional rating (Malec et al, 2003). Those with TBI, as stated
earlier, may have limited self awareness and thus ability to rate. ReMed completes only
the professional form of the MPAI-4. The study could have benefited from making
comparisons of all three measures in an attempt to identify the impact of injury as
experienced by the providers of rehabilitation, the person with TBI and their family or
friends. The differential between self awareness as rated by the treatment team and as
rated by the person with TBI could be explored with employability.
Future Directions
That TBI impacts the lives of the individuals, families, communities and society
at large is undeniable. The costs in human, economic and societal are incalculable.
Outcome measurement remains a critical area for research. The brain injury community
has not agreed upon a „gold standard‟ measure for post acute rehabilitation and Mermis
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((2005), argues for a taxonomy of rehabilitation outcome measurement. The GCS, FIMS,
DRS and SRS are well established measures in the acute setting and are helpful to a
degree in the post acute setting provided one remains cognizant of floor and ceiling
effects and limitations of subject areas being assessed. The MPAI-4 has been developed
specifically to look at function and how it impacts the individual with TBI. Building a
national database using the MPAI-4, as intended by Malec and his colleagues will help
further validate this measure as it seeks to capture the essential nature of TBI sequelae for
individuals, their families. It will also serve to inform those offering rehabilitation
services a helpful measure with which to aid planning effective treatment. Without
effective treatment, the goal of reintegration back into the community with optimal
cognitive, physical, emotional and behavioral functioning will remain unattainable.
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Appendix A
Glasgow Coma Scale
The Glasgow Coma Scale Response Chart (GCS) (Range 3-15)
Examiner’s Test

Patient’s Response

Score

Spontaneous

Opens eyes normally

4

Speech

Opens eyes when asked in loud voice

3

Pain

Opens eyes to pain (e.g., pinch)

2

Pain

Does not open eyes

1

Carries on a conversation correctly and demonstrates

5

Eye opening

Verbal
Speech

intact orientation
Speech

Speaks, seems confused and disoriented

4

Speech

Talks to examiner but speech makes no sense

3

Speech

Makes unintelligible sounds

2

Speech

Makes no noise

1

Follows simple commands

6

Pain

Pull‟s examiner‟s hand away on painful stimuli

5

Pain

Pulls a part of body away on painful stimuli

4

Pain

Flexes body inappropriately to pain

3

Pain

Decerebrate posturing (abnormal flexion)

2

Pain

No motor response to pain

1

Best Motor Response
Commands
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Appendix B
The Ranchos Los Amigos Scale: Levels of Cognitive Functioning
The Eight Levels of Cognitive Functioning
1. No Response: The patient is in deep coma and is completely unresponsive.
2. Generalized Response: The patient reacts inconsistently and nonpurposefully to
stimuli in a nonspecific manner.
3. Localized Response: The patient reacts specifically but inconsistently to stimuli,
orienting, withdrawing, or even following simple commands
4. Confused-Agitated: The patient is in a heightened state of activity with severely
decreased ability to process information.
5. Confused, Inappropriate, Non Agitated: The patient appears alert and is able to
respond to simple commands fairly consistently; however, with increased
complexity of commands or lack of any eternal structure, responses are nonpurposeful, random or at best fragmented toward any desired goal.
6. Confused, Appropriate: The patient shows goal directed behavior but is dependent
on external input for direction.
7. Automatic-Appropriate: The patient appears appropriate and orientated within
hospital and home settings, goes through daily routine automatically, but
frequently robot-like, with minimal to absent confusion, and has shallow recall of
what he/she has been doing.
8. Purposeful and Appropriate: The patient is alert and oriented, is able to recall and
integrate past and recent events and is aware of and responsive to his
environment.
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Appendix C
The Disability Rating Scale

DRS Rating Form
Patient name

Rater

Date Completed

1. Eye opening:
0 Spontaneous
1 To Speech
2 To Pain
3 None
2. Communication Ability:
0 Oriented
1 Confused
2 Inappropriate
3 Incomprehensible
4 None
3. Motor Response:
0 Obeying
1 Localizing
2 Withdrawing
3 Flexing
4 Extending
5 None
4. Feeding (knows how and when):
0.0 Complete
0.5
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1.0 Partial
1.5
2.0 Minimal
2.5
3.0 None
5. Toileting (knows how and when):
0.0 Complete
0.5
1.0 Partial
1.5
2.0 Minimal
2.5
3.0 None
6. Grooming (knows how and when):
0.0 Complete
0.5
1.0 Partial
1.5
2.0 Minimal
2.5
3.0 None
7. Level of Functioning (physical & cognitive disability):
0.0 Completely independent
0.5
1.0 Independent in special environment
1.5
2.0 Mildly dependent - Limited assistance (Non-resident helper)
2.5
3.0 Moderately dependent - Moderate assistance (Person in home)
3.5
4.0 Markedly dependent (Assistance with all major activities, at all times)
4.5
5.0 Totally dependent (24 hour Nursing Care)
8. Employability (as full time worker, homemaker, or student):
0.0 Not restricted
0.5
1.0 Selected jobs, competitive
1.5
2.0 Sheltered workshop, noncompetitive
2.5
3.0 Not employable
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Appendix D: The Supervision Rating Scale
Circle the rating that is closest to the amount of supervision that the patient actually
receives. "Supervision" means that someone is responsible for being with the patient.
Rating

Description

Level 1: INDEPENDENT
1

The patient lives alone or independently. Other persons can live with the patient, but
they cannot take responsibility for supervision (for example, a child or elderly person).

2

The patient is unsupervised overnight. The patient lives with one or more persons who
could be responsible for supervision (for example, a spouse or roommate), but they are
all sometimes absent overnight.
Level 2: OVERNIGHT SUPERVISION

3

The patient is only supervised overnight. One or more supervising persons are always
present overnight but they are all sometimes absent for the rest of the day.
Level 3: PART-TIME SUPERVSION

4

The patient is supervised overnight and part-time during waking hours, but is allowed on
independent outings. One or more supervising persons are always present overnight and
are also present during part of waking hours every day. However, the patient is
sometimes allowed to leave the residence without being accompanied by someone who
is responsible for supervision.

5

The patient is supervised overnight and part-time during waking hours, but is
unsupervised during working hours. Supervising persons are all sometimes absent for
enough time for them to work full-time outside the home.

6

The patient is supervised overnight and during most waking hours. Supervising persons
are all sometimes absent for periods longer than one hour, but less than the time needed
to hold a full-time job away from home.

7

The patient is supervised overnight and during almost all waking hours. Supervising
persons are all sometimes absent for periods shorter than one hour.
Level 4: FULL-TIME INDIRECT SUPERVISION

8

The patient is under full-time indirect supervision. At least one supervising person is
always present, but the supervising person does not check on the patient more than once
every 30 minutes.

9

Same as #8 plus requires overnight safety precautions (for example, a deadbolt on
outside door).

Level 5: FULL-TIME DIRECT SUPERVISION
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10

The patient is under full-time direct supervision. At least one supervising person is
always present and the supervising person checks on the patient more than once every
thirty minutes.

11

The patient lives in a setting in which the exits are physically controlled by others (for
example, a locked ward).

12

Same as #11 plus a supervising person is designated to provide full-time line-of-sight
supervision (for example, an escape watch or suicide watch).

13

The patient is in physical restraints.
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Appendix E
The Mayo Portland Adaptability Inventory-4
See following pages 78-81
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Appendix F
The Subscales of the MPAI-4
MPAI-4 Items by subscales
Ability Index
Mobility

Attention/Concentration

Use of hands

Memory

Vision

Fund of Knowledge

Audition

Novel Problem Solving

Motor Speech

Visuospatial Abilities

Communication

Dizziness

Adjustment Index
Anxiety

Inappropriate social interaction

Depression

Impaired self-awareness

Irritability, anger, aggression

Family/significant relationships

Pain and Headache

Initiation

Fatigue

Social contact

Sensitivity to mild symptoms

Leisure/recreational activities

Participation Index
Initiation

Residence

Social contact

Transportation

Leisure/recreational activities

Work/school

Self-care

Money management

Brain injury 80
Appendix G
Admission and Discharge Criteria by Care Setting
Setting
Acute Rehabilitation

Clinical Criteria

Admission
Medical stability
Need for 24 hour supervision
Physical endurance
Multi-disciplinary program
Ability to follow commands

Extended care

May require medically
prescribed therapies
Limited ability to participate in
therapies
Medically necessary care:
bowel/bladder retraining;
swallowing and or
nutritional problems; skin or
wound care
Concomitant or complex
medical needs
No caregivers at home

Specialized Post-Acute
Care

Medically stable
Discharge support services
Need for specialized services
such as behavioral
assessment, D & A
treatment, or dual diagnosis
Intensive cognitive
rehabilitation beyond acute
rehabilitation
Availability of family support
and assistance
Medical stability
Minimal functional
independence
Endurance to participate in
therapy
Ability to participate in therapy
interventions

Home based services

Note: Murphy, Pereira-Ogan & Yody, 1998

Discharge
Plateau- stabilized
functional gain
Able to be supervised in
the home
Able to receive home or
outpatient therapy
meets goals of
treatment
Plateau- stabilized
functional gain
Able to be supervised in
the home
Able to receive
home/outpatient
therapy
Able to return home with
support services and
caregiver
Meets goals of treatment
Discharge may not be an
option
Able to return home with
support services and
/or caregiver
Meets goals of treatment
May be long-term
placement or
discharge options
Plateau – stabilized
functional gain
Meets goals of treatment

